tential (AEP) and the AEF are delayed in children with ASD when compared to age-matched ND children >4 years of age. We speculated whether the AEF latencies decrease with age in children diagnosed with ASD as in ND children, but with uniformly longer latencies before the age of about 4 years. Contrary to this hypothesis, the peak latencies did not decrease with age in the ASD group (24-62 months, n = 16) during sleep (unlike in the age-matched controls), although the mean latencies were longer in the ASD group as in previous studies. These results are consistent with previous studies indicating delays in auditory latencies, and they indicate a different maturational pattern in ASD children and ND children. Longitudinal studies are needed to confirm whether the AEF latencies diverge with age, starting at around 3 years, in these 2 groups of children.
Introduction
The development of auditory responses has been studied across a broad age range from newborns to adults, using both auditory evoked potentials (AEPs) measured with electroencephalography (EEG) and auditory evoked magnetic fields (AEFs) measured with magnetoencepha-lography (MEG) [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . These studies have demonstrated that there is a decrease in peak latency of auditory evoked responses and a narrowing of peak widths with increasing age in normally developing (ND) children [1, 2, 6, 9, [11] [12] [13] [14] [15] [16] [17] . Most of these developmental studies, however, have focused on children older than 3 years or a small number of children across a broad age range, thereby limiting the ability to reliably map developmental patterns in young children. A notable exception is a set of early AEP studies [18] [19] [20] which demonstrated a pattern of decreasing latency in children of 0-3 years of age, measured during sleep [20] . Furthermore, the parameters vary across studies, e.g., understanding the response to changes in pitch [21] [22] [23] , changing the interstimulus interval [24] , or assessing the response to repeated stimuli using the paired click paradigm [25] . A gap therefore remains in our knowledge of the maturation of cortical responses to repeated auditory stimuli in ND children before the age of 3 years.
During the first 3 years of life, AEPs and AEFs show dramatic changes in temporal waveforms and latencies [1, 2, 6, 9, [11] [12] [13] [14] [15] [16] [17] . These changes present a challenge in identifying the same components so that their developmental trend can be identified. Young children also present a methodological challenge since they may move during testing. Furthermore, children with autism spectrum disorders (ASD) may have a low tolerance for novel surroundings. Thus, we studied auditory responses while the children slept while controlling for arousal state [26, 27] by analyzing the responses during sleep. Based on the previous studies, we hypothesized that there would be a decrease in peak latency with increasing age in ND children.
Most of the auditory studies in children with an ASD have been carried out in children >4 years of age. Gage et al. [28] identified a decrease in M100 peak latency with increasing age in ND children (aged 8-16 years) but no change in children with an ASD. In the same study, children with an ASD had longer M100 peak latencies than the age-matched controls, independent of age. Furthermore, these group differences were most pronounced in the right hemisphere. Bruneau et al. [29] and Cantiani et al. [30] also reported delayed auditory responses in children with an ASD aged 4-8 years and 3-7 years, respectively. Other studies [31] [32] [33] [34] , using more complex auditory stimuli (language or paired stimuli), provide a mixed view of auditory processing delays with some reporting the facilitation of the AEF.
Based on the studies focusing on simple repeated auditory tones, we asked whether the AEF latencies decrease with age in children diagnosed with ASD, as in ND children, but with uniformly longer latencies before the age of 4-5 years. We focused our measurements on the right hemisphere based on prior studies. Our hypotheses were evaluated by assessing the trajectory of the AEF peak latencies with age.
Methods

Participants
This study was approved by the Human Research Review Committee at the University of New Mexico Health Sciences Center, and was conducted in compliance with the Declaration of Helsinki. The procedure was described to at least 1 parent who signed the approved consent prior to the child's participation. Sixty-four children (48 ND and 16 ASD) between the ages of 6 and 68 months participated in the study. The controls were ND children, confirmed via a parental report and screening with the Ages and Stages age-appropriate questionnaire [35] . Participants were recruited from the community; the demographics are presented in Table 1 . The children diagnosed with an ASD were recruited from the Center for Development and Disability at the University of New Mexico, which specializes in the early diagnosis of ASD. These children underwent diagnostic evaluation by a multidisciplinary team consisting of a pediatrician, a clinical psychologist, a speech/language therapist, and a physical or occupational therapist. The evaluation included administration of the Autism Diagnostic Observation Schedule (ADOS), other developmental measures (e.g., the Mullen Scale of Early Learning, the Autism Behavior Checklist, and the Social Responsiveness Scale), and parental interviews. The ASD diagnosis was obtained by consensus within this diagnostic team. Drs. Brian Lopez and Dina Hill were the referring clinicians. Of the 16 ASD children, 8 met the criteria for autistic disorder based on having an ADOS Communication and Social Interaction score >12 (mean 17.7; range [14] [15] [16] [17] [18] [19] .
Stimuli
Participants were presented with auditory stimuli as a part of a larger study, with tactile stimuli presented separately in a randomized block design. The binaural auditory stimuli (tone burst: 800 Hz, 100 ms duration [ n = 46] or 1,000 Hz, 100 ms duration for the data collected [ n = 18 using the babySQUID] using the Elekta MEG system) were presented through an artifact-free speaker located within a magnetically shielded room (MSR). The volume was 60 dB SPL measured at the location of the child's head. All stimuli were presented with an ISI of 2 ± 0.2 s using Neurobehavioral Systems' Presentation software. The stimuli were presented in 30 trial blocks and were intermixed with tactile stimuli until approximately 180 trials were obtained for each child or until the child woke.
BabySQUID MEG Data Collection Procedure
Data collection was performed during nap-or night-time sleep (during night-time sleep for most children). The children were allowed to fall asleep naturally and were transferred to the pediatric MEG system (babySQUID, Tristan Technologies, San Diego, CA, USA [36] ) located within an MSR after they were asleep. The children were positioned and supported with pillows, as needed, to obtain measurements over the right hemisphere. 
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The babySQUID MEG system consists of 74 sensors arranged in a hemispherical design, such that a child may lie down during data collection with their head resting in the reclined bowl ( Fig. 1 a, sensor layout). The sensors are located close to the surface of the dewar (7-10 mm), providing measurements very close to the child's head, while the small sensor-to-sensor distance (12-14 mm) provides good spatial resolution. The layout provides coverage of the auditory area without repositioning the head (diameter of the sensor array [anterior to posterior] is 11.6 cm). AEFs were collected at a sampling rate of 1,000 Hz.
Once the child was well-positioned relative to the sensor array, a head-tool device with 3 reflective spheres was attached to the child's head using an elastic band. The 3-dimensional (3D) positions of fiducial markers and head shape, relative to this head-tool device, were collected using a stylus tool measured by the infrared NDI Medical Polaris 3D tracking device. The tip of the stylus tool is registered relative to the head tool and fiducial points and head shape were recorded using the Polaris tracking device.
During acquisition, 1 investigator remained in the MSR with the child and observed for changes in sleep-state or movement. If the head moved during the measurements, the head position was remeasured and data collection was restarted. Parents were given the choice to remain in the room, but generally observed through the video monitor.
Whole-Head Elekta Vectorview MEG Data Collection
Additional data were collected from 10 children (12 ND and 6 ASD) using the Elekta Neuromag 306 channel whole-head MEG system. Data were again collected while the child slept, with an investigator remaining in the MSR for observation. A similar binaural tone stimulus (1,000 Hz 100 ms duration with a 10 ms Hanning ramp) was used with the same ISI 2 ± 0.2 s. The head position and fiducial information were obtained using the Polhemus FASTRAK 3D tracking device. Head movement was compensated for by using the continuous head-position monitoring available with the Elekta system.
Data Analysis
Only data without gross movement were processed further. Data were scored for sleep stage (SS) using the EEG criteria of Rechtschaffen and Kales [37] and a semiautomated program based on the automatic SS classification program for infants outlined by Estevez et al. [38] . Based on these criteria and the observation of the infants and children during data collection, we were able to determine the SS, i.e., rapid eye movement (REM), sleep stage II (SSII), or slow-wave sleep (SWS). REM was identified based on reports of eye movements by the investigator in the room during data collection and using the theta power criterion from Estevez et al. [38] . SSII was identified based on presence of sleep spindles and <20% low-frequency, large-amplitude delta activity. SWS was determined by >20% low-frequency, large-amplitude delta activity. Each pattern must persist for 1 min to be considered a change in SS. We analyzed the data within each SS, since previous studies show that the characteristics of evoked responses depend on the SS [26, 27] . In this report, we focus on data collected during SSII/SWS, since the majority of sleep was scored as SSII/SWS. After SS scoring, the raw data were filtered using a zero-phase (2-40 Hz) bandpass Butterworth filter. Epochs with large amplitude noise due to movement were eliminated prior to averaging. The results of the averaging program provided a plus-minus average as well as even/ odd averages. These were inspected for data quality and reproducibility. All trials were then combined into a grand average within the SS.
To compare the latencies of individual peaks across age, we employed the following strategy. The prominent peaks in the averaged waveform were identified. The contours for the time window, which encompassed all peaks, were viewed in 10-ms intervals. Stable contour plots (i.e., a consistent pattern across >30 ms), which corresponded with the peaks in the waveform, were saved. We identified 3 reliable peaks across subjects (see online suppl. Fig. 1 ; see www.karger.com/doi/10.1159/000477614 for all online suppl. material) with a consistent reversal of polarity and spatial pattern across the peaks. This pattern of polarity reversals allowed us to compare peaks across individuals over the age range. Once Values are expressed as mean ± SD, unless otherwise indicated. ND, normally developing; ASD, autism spectrum disorder; F, female; M, male; bsq, babySQUID; nm, Neuromag. a ≥24 months.
433
the contour maps with the 3 major peaks were identified, a representative channel located at the maximum/minimum of the contours was chosen for plotting to show the pattern of development across age. Peak latencies were extracted from this maximum channel using MATLAB software. Dipole modeling was performed on representative subjects across the age range to confirm that the analyzed peaks originated from the vicinity of the auditory cortex. The Calibrated-Start Spatio-Temporal (CSST) algorithm [39] was used to fit an equivalent current dipole to the data, as described previously [40, 41] . The approach employs a nonlinear, spatiotemporal, multidipole modeling technique. The time interval of analysis was customized to the participant to account for the changes in latency with age. Goodness of fit was determined using the reduced χ 2 measure [42] , with a mean value of 0.6 obtained across fits. Dipole modeling was performed on all subjects run on the Neuromag MEG system, and the same peak latencies were extracted based on the auditory source originating in the right auditory cortex. The 3 peak latencies were identified from the auditory source time course.
Signal-to-noise ratio (SNR) was calculated using the same maximum channel identified from the contour plots. The baseline noise from -100 to 0 ms was used to establish the noise level. The maximum amplitude in the time window of 50-500 ms was used as the amplitude of the signal. SNR was then defined as the maximum signal divided by the standard deviation of the noise.
Statistical Analysis
The distribution of gender by group was tested using the χ 2 test to assess the proportion of males/females by group (ND vs. ASD). The type III sum of squares results was reported from the repeatedmeasures general linear model using SPSS v20. The within-subject repeated measure was the latency for peaks 1-3, identified using the above approach. Diagnostic category (ND vs. ASD) was the between-subject factor and age was the covariate in the model. Analysis of variance (ANOVA) was used to test group effects. Linear regression was performed to determine the correlation between peak latency and age. The peak latencies were meancentered relative to the data acquisition system (babySQUID vs. Neuromag) prior to the linear regression analysis. Single-channel AEFs across 6 channels in a 9-monthold child reveal amplitude reversal (compare channels 13, 14, and 15 with 27, 28, and 66), representing the maxima/minima of the evoked response, consistent with a source lying midway between these groups of channels. A head-surface template specific to a 9-month-old child is not available, and therefore the specific sensor placement over the adult head only approximates the head position of the child relative to the sensor array. The AEFs at the sensors are shown in red. A pediatric template MRI was used for source localization ( Fig. 3 ) , providing good approximation to the head shape. Both positive and negative maxima can be captured by the sensor array in young children when the right hemisphere is centered over the array, as for each child in this study.
Results Figure 1 shows the AEFs from a 9-month ND child. Figure 1 a shows an example of the placement of the MEG sensors of the babySQUID over a standard head. Figure  1 b shows the AEFs at the red sensors. Note that the polarity of the waveforms in the anterior region (channels 13, 14, and 15) is opposite to the polarity in the posterior region (channels 27, 28, and 66).
Figure 2 a shows these waveforms superimposed on each other. The AEFs typically contained 3 peaks. In this subject, their peak latencies were 132, 268, and 406 ms after the onset of the tone burst. The temporal waveform and latency varied with age and between the 2 groups, but these 3 peaks could be identified from their spatial patterns. Figure 2 b shows the spatial pattern of the AEF for the above subject (i.e., in Fig. 1 ) at the peak latency of the 3 components. For each peak, the magnetic field emerges from the scalp in the warm-color area and returns to the head in the cool-color area. Thus, the neural currents underlying peaks 1, 2, and 3 are directed inferiorly, superiorly, and inferiorly. These sources would give rise to a negative-positive-negative waveform at the vertex. This pattern was consistently identified across the age range. Figure 2 c shows representative contour maps of peak 2 for 3 subjects (an ND of 6 months, an ND of 18 months, and an ASD of 34 months).
There were no differences in the number of trials selected for averaging across diagnosis (ANOVA, F 1, 57 = 0.35, p = 0.56) and no interaction between diagnosis and MEG system ( p = 0.53). The average number of trials for ND and ASD children was 65.2 ± 6.9 and 58.3 ± 9.4, respectively. The average SNR was statistically equivalent by group (F 1, 53 = 0.308, p = 0.58). The average SNR for the ND and ASD children was 9.7 ± 0.85 and 10.5 ± 1.11, respectively.
In a subset of subjects, we confirmed that the neuronal activity underlying these 3 components was generated in the auditory cortex. Figure 3 a shows the AEF waveforms from 2 sensors detecting magnetic fields of opposite polarity for the 9-month-old child (in Fig. 1 , 2 ) . The dipole location providing the best fit to the data during the time segment is shown in the coronal section of the template MRI from a child of comparable age. The best-fitting current dipole source was located in the auditory cortex. Figure 3 b shows a similar result for a second child. Again, the dipole was located in the auditory cortex. Source analysis was not performed in all children in this study because accurate head-position information relative to the sensor array was not available for all subjects.
After having developed a method to identify the peaks, we analyzed the latency pattern across the age range. The analysis showed an interesting, unexpected pattern with respect to age in the ND and ASD children. Figure 4 shows an example of this difference in a subset of children. The components of the AEF waveform typically became sharper with shorter latencies with increasing age in the ND children ( Fig. 4 a) . The components for the ASD children became sharper as in the ND children, but their latencies did not show the same pattern of decreasing with age ( Fig. 4 b) . This contrast can be seen clearly for peak 2 with the positive deflection in Figure 4 . Figure 5 shows the latencies with respect to age for all the children studied. In the ND children, there was a clear decrease in latency with age across all 3 peaks. In the ASD children, however, there was no clear decrease. The latencies for the ASD children were quite similar to in the ND children around the age of 24 months, but this diverged with increasing age. This was the case for all 3 components. This difference in trajectory was contrary to our initial expectation.
We tested whether latency decreases with age in the ND group. The negative slope of the linear regression curve was significantly different (i.e., not zero) for all 3 components ( Table 2 ). There was no such pattern for the ASD children, with the regression slopes for all 3 components being statistically equivalent to a zero slope. This decrease in latency in ND children shows that the evoked response latency decreases with age when measured during sleep, consistent with the same trajectory reported in earlier studies in children in the awake state. A between-subject repeated-measures ANOVA was performed for children >24 months of age (age-matched to the ASD group), and the interaction of age by diagnostic category was significant (F 2, 29 = 5.5; p = 0.009). This is consistent with the difference in regression slopes by diagnosis ( Fig. 5 ). As reported in Table 2 , the slope of the ASD regression curves was not statistically different from zero.
We then compared the latencies between the groups after equating for age ( ≥ 24 months, ND n = 22 and ASD n = 16). There was no significant difference in mean age, birth weight, or gestational age between this subgroup of ND children versus the ASD group ( Table 1 ). Figure  6 shows the average latencies for all children in this subgroup, separately for the 3 peaks. A repeated-measures ANOVA with the peak (peaks 1-3) as the repeated measure and the diagnosis (ND ≥ 24 months vs. ASD) as the between-subject factor showed that the mean latencies differed by group (F 1, 27 = 11.5, p = 0.002). The peak by Fig. 2 . Auditory isocontours. a Auditory response for a 9-monthold child in channels representing the positive and negative peak associated with the source denoted by the arrow in the peak 1 (132 ms) contour plot ( b , left). The vertical lines identify the time points at which the contour plots are displayed. b The contour plots for the 9-month-old child (in a ) represent the activity measured over the right hemisphere. Therefore, the nose is pointed to the left and the top of the head corresponds to the top of the plot. The first contour showed the positivity on the left side of the array, followed by a negative peak on the left side of the array, followed later by the positive pole again located on the left side of the array.
Cool colors represent negative responses and warm colors represent positive responses. A negative response on the left side of the array corresponds with a downward pointing source. c Contour plots of peak 2 across individuals. Again, the top of the head is at the top of the array and the nose is pointed to the left. Similar dipolar activity is shown across age. The absolute position of these positive and negative poles varies across individuals due to the slight changes in head position from child to child. Since the goal of the study was to characterize auditory responses, the right hemisphere was centered in the bowl; in this way, the auditory cortex was consistently covered by the array in all the children. The channel with the maximal auditory response is shown across age to demonstrate the change in latency in the waveform view. One can see a change in latency with age for each of the peaks. a Waveforms across age in ND children. The channel which best represented the 3 peaks was chosen for visualization purposes.
b Waveforms across age in ASD children. Good-quality auditory responses were obtained in these children, as demonstrated by an equivalent SNR across diagnosis. The latencies tended to increase with age in ASD children.
diagnosis interaction was also significant (F 1.4, 37.8 = 5.46; p = 0.016). This is consistent with the previous studies reporting longer latencies for ASD children than for ND children in older age groups. A repeated-measures ANOVA analysis with diagnosis (ND vs. ASD) and gender as factors, and age as a covariate with the peak (peaks 1-3) as the repeated measure, showed that gender did not contribute significantly to the model; gender was thus excluded. There was also no significant interaction between diagnosis and MEG system ( p = 0.95) or SS (0.52).
Discussion
Decrease in Auditory Evoked Response Latency with Age in ND Children
This study reports a decrease in auditory evoked peak latencies with increasing age in ND preschool-aged children when measured during sleep. Few studies have focused on children in the age range of 6 months to 4 years [1, 2, 6, 9, 11, 15-17, 22-24, 43, 44] , with the exception of Lippe et al. [9] , Paetau et al. [1] , and Ohlrich et al. [20] . Paetau et al. [1] studied children from the age of 0.3 months through to adulthood, but the focus was thus across a wide age range with only a few preschool-aged children (one 3-month-old child and three children aged 3-5 years). Lippe et al. [9] studied 40 children aged 1 month to 5 years, providing the closest comparison to our study, although differences in measurement technique (EEG vs. MEG) and stimulus parameters places limits on making a direct comparison. We also used a longer ISI of 2 (vs. 1.2 s), which enhances the traditional N1 peak in young children [1] . Our results identify a peak consistent with N1 morphology, whereas Lippe et al. [9] and Yoshimura et al. [43] (ISI <1 s) did not identify a reliable N1 peak in their data. Ceponiene et al. [45] , using a 700 ms interstimulus interval, and Putkinen et al. [24] , using an ISI of 800 ms, also reported only 2 peaks with a latency of <300 ms in their youngest participants, i.e., The values were mean centered relative to the MEG system-specific mean peak latency to account for a systematic delay between the MEG systems. These plots clearly show the decrease in latency across all individuals with increasing age for the ND children (green circles). At the same time, the children with an ASD (blue diamonds) show a different pattern of development from that in healthy control children. ( Fig. 1 , 3 ) similar to van Zuijen et al. [23] , who studied 17-month-old children with a 3.3-s ISI. Despite these differences, each study identified a consistent number of peaks across subjects when using a consistent ISI. Our results are consistent with previous studies indicating a linear decrease in latency with increasing age. Our results are complementary to those of the previous studies by showing that the same decrease in latency with age can be captured during sleep. This provides an important control for arousal state when studying children with an ASD who may not easily tolerate the laboratory environment.
Wunderlich and Cone-Wesson [10] also found multiple peaks, in neonates and children up to 6 years of age with an ISI of around 3 s, but they did not report a decrease in latency with age in children <6 years. They reported group differences using only 3 age groups (infants, <7 days; toddlers, 13-41 months; children 4-6 years) instead of including age as a covariate in their statistical model. They acknowledged considerable variability in the evoked responses within an age group; this may have masked the pattern of decreased latency with age in the age range of 13-41 months. An additional confounder in their study was that the newborn group was tested when asleep and all other groups were tested when awake.
Our results extend the linear pattern demonstrated by Wakai et al. [46] in neonates and children up to 6 months of age to a broader time window of up to 5 years. Furthermore, our source analysis, demonstrating that the 3 peaks originate from the auditory cortex, are also consistent with the results of Ortiz-Mantilla et al. [22] , who confirmed that both peaks identified in 6-month-old children originate from auditory cortex.
Differences in Peak Latencies between ND and ASD Children
The second major finding is that peak latencies in the age-matched groups >24 months were longer for the ASD than for the ND group. Our results for children between 24 and 68 months of age are consistent with prior ASD results showing a delay in the right-hemisphere M100 response in children with ASD relative to ND children [47] . Edgar et al. [48] recently replicated the result of delayed auditory latencies in ASD children relative to ND children in a large sample. Furthermore, Bruneau et al. [29] found a delayed M100 latency in ASD children aged 4-8 years.
The remaining studies on ASD in children in the age range of 3-8 years have focused on more complex responses such as responses to novel auditory stimuli [32, 49] , language stimuli [33] , or changes in volume. Results are mixed, with Orekhova et al. [31] reporting normal latencies in high-functioning ASD individuals but other reports with faster latencies in children with an ASD [31, 32] . Brennan et al. [34] did not report a delay in auditory latencies in response to linguistic sound stimuli, suggesting that more complex stimuli may mask simple sensory processing delays. Yoshimura et al. [33] reported a lack of association between the verbally evoked P50 peak latency and language ability, but a decrease in P50 latency with increasing age in ASD children, in contrast to the results obtained in the age-and sex-matched ND control group. The variability of the ASD studies suggest that a systematic testing of stimulus parameters is needed to better understand how auditory processing is affected in ASD. Furthermore, the review by Kikuchi et al. [50] supports the interpretation that variability within the ASD spectrum itself may also explain the variability in latency results across the literature.
Different hemispheric effects have also been reported in the studies discussed above. We focused on the right hemisphere, based on the study of Gage et al. [28, 51] which reported group differences in the right hemisphere whereas left-hemisphere latency change with age for ASD children was consistent with the ND rate of -4 ms/year. Average peak latencies in children >24 months of age. Repeated-measures ANOVA confirmed a group effect of increased latency in the ASD group relative to the ND children. There was no significant peak × group interaction or group × system (baby-SQUID vs. Neuromag) interaction.
In contrast, 2 ERP studies [32, 52] reported abnormalities in the left hemisphere in ASD children, using a mismatch negativity paradigm. This focus on auditory change detection may account for the differences within our study. Ferri et al. [52] also reported shorter N1 latencies in 12-year-old children with ASD with no right-hemisphere abnormalities. It is important to note that, based on the physiology of the auditory system, the AEP N1 component measured at electrode Cz is a combination of the responses in the left and right hemispheres. As mentioned by Roberts et al. [53] , the contrast between MEG [28] and ERP [52] studies may be related to the difficulty in separating left-/right-hemisphere responses in ERP studies [54] . Huang et al. [54] demonstrated that MEG is better at identifying hemispheric differences in early auditory responses. Furthermore, a contrasting, divergent pattern of latency trajectories was observed. Although peak latency decreased with age in ND children, the slope of the linear regression curve for ASD children was not statistically different from zero. The diverging trend in the maturational pattern of auditory response latency in the 2 groups raises an important question. It is possible that peak latencies are similar in the ND and ASD groups at around the age of 24 months. However, this cross-sectional study cannot rule out the possibility that younger children with ASD will exhibit normal development of the AEF instead of stagnation of the AEF latencies (as indicated by the nonsignificant slope of the ASD regression line). Alternatively, it is possible that individuals with ASD will follow the cross-sectional developmental pattern representing little change in latency with age, consistent with Gage et al. [28] , who reported that the latency of the M100 peak in ASD children did not change significantly with age from 8 to 16 years whereas the ND M100 latencies decreased with age. However, a followup longitudinal study by Port et al. [55] determined that latencies in children with ASD decreased at an equivalent rate in ND children, but were delayed relative to ND children at both the initial and follow-up time points. Therefore, the nonsignificant slope in the ASD may be explained by a natural variation within this spectrum disorder. This would be consistent with the finding described by Port et al. [55] indicating that the lessaffected children with ASD are associated with reduced latency delays. Longitudinal studies are needed in this younger age range to determine the developmental pattern within individuals, whether latency differences change with age, and if such differences indicate severity across the age spectrum.
Taken together, these results further support the role of sensory deficits as a core feature of ASD. Recent results demonstrating both sensory and motor deficits in a rat model of ASD [56] provide additional support for the role of sensory processing as a core feature of the broader disorder. Understanding the role of sensory deficits in higher cognitive functioning remains an important goal in autism research [57, 58] .
Finally, this study differs from previous studies since the AEFs were obtained while the children were sleeping. We collected MEG data during sleep for 3 primary reasons. First, collecting data during sleep enabled us to test children across the ASD spectrum, including 8 children who met the criteria for autistic disorder; this was in contrast to most neuroimaging studies which only recruit children with high-functioning ASD to ensure task compliance. Interestingly, a similar study [30] examining nonverbal or minimally verbal children with ASD also reported a 10-ms delay in AEPs relative to controls in children 3-7 years of age, consistent with our study. Second, it is now recognized that attention directly influences basic sensory responses [59, 60] . Children with ASD often respond negatively to novel environments, which may lead to considerable differences in attentional state between groups. Although differences in sleep have been noted in ASD, these concern the prevalence of different sleep states rather than changes within the sleep-state architecture [61] . By controlling for sleep state, the effects of attention are more carefully controlled across participants. Third, unlike EEG, MEG sensors are not attached directly to the child's head. Therefore, with the baby-SQUID system, movement relative to the sensor array would smear the signal spatially. Children, even at 6 months of age, sleep in one position for ≥ 20 min before adjusting their position. The recent development of headmotion correction algorithms (which were used for the Neuromag data) partially alleviates this concern. There is a recognized limitation to the collection of data during sleep with regard to interpreting these results relative to findings in older children, yet extending studies to younger children and more severe forms of ASD may necessitate this approach.
Conclusions
This study supports the hypothesis that auditory response latencies decrease with age in ND preschoolaged children during sleep. In contrast, the peak latencies did not decrease with age in ASD children (<62 months), unlike in the age-matched controls, resulting in longer latencies in older children with ASD. Longitudinal studies are needed to determine whether individual children diagnosed with ASD show an abnormal maturational pattern in auditory responses and as a consequence of sensory deficits related to disease pathophysiology.
